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ABSTRACT
We present new Ryle Telescope (RT) observations of the Sunyaev Zel’dovich (SZ) decre-
ment from the cluster A773. The field contains a number of faint radio sources that
required careful subtraction. We use ASCA observations to measure the gas temper-
ature and a ROSAT HRI image to model the gas distribution. Normalising the gas
distribution to fit the RT visibilities returns a value of H0 of 46+14−11 km s
−1 Mpc−1. The
1-σ errors quoted include estimates of the effects of the principle errors: RT noise, gas
temperature uncertainty, and line-of sight depth uncertainty.
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1 INTRODUCTION
In 1993, we reported (Grainge et al 1993) the detection of
a Sunyaev-Zel’dovich (Sunyaev & Zel’dovich 1972) decre-
ment towards the cluster A773 (at z = 0.217) with the Ryle
Telescope (RT). This investigation was part of a continu-
ing programme to target clusters with a high X-ray lumi-
nosity (and hence a high gas mass) but with a low radio
flux from the immediate vicinity, so that we could, amongst
other things, constrain H0 by combining SZ and X-ray ob-
servations. At that time, however, there was no suitable X-
ray image of A773 and no estimate of its gas temperature.
A ROSAT HRI image and ASCA spectroscopic data have
since become available, and we have also made additional
RT observations.
2 RYLE TELESCOPE OBSERVATIONS AND
SOURCE SUBTRACTION
The RT (Jones 1991) is an east{west synthesis telescope of
13-m antennas with a bandwidth of 350 MHz and an aver-
age system temperature for these observations of 65 K at
an observing frequency of 15 GHz. We used ve antennas
in the Cb conguration, giving two baselines of 18 m, three
of 36 m, and ve more out to 108 m. The short baselines
alone are sensitive to the SZ signal; the longer ones are used
to recognise and subtract the radio sources in the eld that
would otherwise mask the SZ decrement. We have made a
total of 30 12-h observations of A773, each with the point-
ing centre RA 09h 14m 22s.45, Dec. +51 560 0800.7 (B1950).
Phase calibration using 0859+470 and flux calibration using
3C 48 and 3C 286 were carried at as described in Grainge
et al (1993). Similarly, we used the Postmortem package
(Titterington 1991) to flag the data for interference and an-
tenna pointing errors, and to weight them in accord with
the continuously monitored system temperature of each an-
tenna. As a standard check, we used the Aips package to
make a map of each 12-h run and then combined the data.
To identify and measure the fluxes of confusing sources
in the eld, we made maps of the long-baseline data. Pro-
vided the baselines are long enough, their visibilities will
contain no SZ signal. However, it is important not to make
them longer than is necessary to remove the SZ signal: one
does not want to miss resolved radio emission, and one wants
measurements of the sources to be of the highest possi-
ble signal-to-noise. Accordingly, we made four long-baseline
maps from visiblities with baselines greater than uvmin =
1.5, 2 and 2.5 kλ respectively, to investigate where the ef-
2 R. Saunders et al.
RA (B1950)(h,m,s) Dec (B1950) (,’,") Flux density (µJy)
09 14 32.0 51 56 50 298
09 14 29.3 51 58 24 82
09 14 15.4 51 55 41 100
09 14 28.3 51 57 31 166
09 14 20.0 51 57 19 195
09 14 18.9 51 56 22 180
09 14 26.1 51 55 33 173
Table 1. Sources sutracted from the A773 data. Flux densities
are apparent, ie not corrected for the RT primary beam response.
Note that the first 3 sources are VLA sources and have accurately
known positions.
fects of the SZ signal might set in, and thus to measure the
sources without contamination by the decrement. Each map
was then CLEANed, using a low loop gain (0.05) and care-
fully selected boxes to best ensure that the algorithm did not
mistake the intersections of sidelobes for real sources. Each
resulting map was then inspected to see if further sources
had become evident; none had.
The maps with uvmin = 2 and 2.5 kλ revealed seven
sources, with fluxes and positions that were entirely in agree-
ment given the noise (1-σ = 43, 45 µJy) on each map. The
map with uvmin = 1.5kλ showed evidence of SZ contami-
nation. More sources are found than were found in Grainge
at al (1993); this is consistent with our increased sensitiv-
ity. Nevertheless, this is a larger number of sources than we
have previously had to deal with in a cluster in this pro-
gramme, and we were concerned to check that the sources
were real: there was the possibility that, despite the careful
use of CLEAN, the sidelobes of real sources would conspire
with noise to produce fake sources. We used a short VLA
C-array observation at 1.4 GHz that we had earlier made
to nd the sources present and compared these with the RT
sources we found. Three VLA sources corresponded to RT
sources, including the two faintest RT sources. Most sources
would not be expected to correspond because most have
steep spectra and would be invisible at 15 GHz, but the cor-
respondence seen does give substantial additional condence
that all the RT sources are real.
As another check, we made use of an algorithm we are
developing that, rather than working in the image plane,
ts for sources and an SZ decrement simultaneously in the
visibilities. This was used to nd the best-t SZ decrement
and the best-t positions and fluxes of sources in the neigh-
bourhood of each of the seven input source positions. In all
cases the positions and fluxes from the simultaneous t were
close to those from the CLEANing and are given in Table 1;
a decrement of −710µJy was found.
To image the decrement, we removed the sources in
Table 1 from all the visibilities and made a short-baseline
map from visiblities with uv less than uvmax = 1 kλ, and
CLEANed this. The resulting image is shown in Figure 1.
The decrement is of −710 µ Jy beam−1 with a noise (1-σ) of
73 µJybeam−1; the beam is 152 119 arcsec FWHM.
It is noteworthy that the magnitude of the decrement
measured here is somewhat greater than that of −590 
116 µJy, in a 152 arcsec  119 arcsec FWHM beam, reported
in Grainge et al (1993). The main reason for this is that,
Figure 1. X-ray and SZ images of A773. The greyscale is
the ROSAT HRI image; contours are the source-subtracted and
cleaned RT image. Contours are in multiples of 80 µJybeam−1,
dotted contours are negative.
because of the greater sensitivity now available, we have
found more contaminating radio sources.
3 X-RAY OBSERVATIONS AND FITTING
Figure 1 also shows a ROSAT HRI image of A773 from an
eective exposure of 16518 s obtained on 13{15 April 1994
and analysed using standard ASTERIX routines. The X-ray
and SZ positions are in agreement.
We measure the gas temperature from ASCA observa-
tions on 29 April 1994 of 46240 s (GIS) and 39904 s (SIS),
using standard XSPEC tools. Times of high backround flux
were excluded and both GIS and SIS data were used. We
took the Galactic absorbing column density predicted by
Dickey and Lockman (1990) in the direction of A773 of
1.3  1024 H atoms m−2. Using a Raymond-Smith model,
we nd a temperature of 8.7  0.7 keV (90%-condence er-
ror bounds) and a metallicity of 0.25 solar. The 2{10 keV
flux from A773 is 6.71.0 x 10−13 W m−2. Our temperature
estimate is consistent with that of Allen and Fabian (1998)
who nd a temperature of 9.29+0.69−0.60 keV (90%-condence
error bounds).
Before tting the X-ray image to measure its central
density n0 (for a given H0), we need to know the ROSAT
count rate from a unit volume of unit density gas at unit
distance, with the K-correction appropriate to the redshift
of A773. Given our estimates of metallicity and Galactic
column, we expect the HRI to detect 1.53(0.08)  10−69
counts s−1 from a 1m3 of A773 gas of electron density 1 m−3
at a luminosity distance of 1 Mpc.
We then tted a King prole to the X-ray image. We
emphasize the need to use Poisson rather than Gaussian
statistics in this kind of work. The high spatial resolution of
the HRI in particular leads to an especially low count rate
per pixel. Then for ci counts measured at position xi, and
for a mean number f(xi, a) of counts predicted by the model
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Figure 2. Plot of likelihood of n0h−1/2 from fitting to HRI im-
age.
given parameters a (such as core radius), the probability of
obtaining ci counts is




and the most likely values of a can be obtained in a compu-
tationally ecient way by maximising
ln P (cja) =
∑
i
ci ln f(xi, a)− ln ci!− f(xi, a).
We used our PROFILE package (Grainge et al 1999)
to t an ellipsoidal King prole to the HRI data with θ1
and θ2 as the perpendicular angular sizes in the plane of
the image, assuming that the length along the line of sight
is the geometric mean of the other two. We nd θ1 = 62
00
and θ2 = 48
00, with the major axis at position angle 22,
β = 0.64, and n0 = 8.85x10
3 h−1/2m3 where H0 = 100h
km s−1 Mpc−1. The likelihood function for n0 (Figure 2) is
sharply peaked indicating a good t; the 1-σ error on n0 is
1.5%.
4 H0 ESTIMATION
To measure H0 we compared the real SZ data with a sim-
ulation of the SZ eect from the X-ray gas model. We rst
used the expression of Challinor & Lasenby (1998) to provide
a relativistic correction to the standard non-relativistic SZ
expression; in the case of A773, the eect is to increase our
estimate of the y-parameter by 2.4%. We then used Profile
to simulate RT observations with maximum baseline 1kλ of
the model gas distribution and to compare these with the
real source-subtracted RT visibilities on the same baselines,
and to adjust H0 to get the best t. We assume q0 = 0.5
and  = 0. Using our temperature of 8.70.7 keV we nd
H0 = 469 km s−1 Mpc−1. The 1-σ error quoted is that
due solely to noise in the SZ data. The central density n0 is
6.4x103 m−3and the central decrement 950µJy.
In Grainge et al (1999), we consider at some length the
contributions to error in the H0 determination from A1413.
The situation in A773 is very similar. The dominant contri-
butions to the error in H0 in A773 are: 20% (1-σ) from RT
noise; 12% (1-σ) from our estimation of the gas temper-
ature; and a likely error of 15% from the uncertain line-
of-sight depth, assuming that the true value lies between
the projected values. Combining these errors in quadrature





In estimating H0 from ASCA, ROSAT HRI, and RT obser-
vations of A773,
(i) we nd that the King ellipsoidal gas model t to the
HRI image is very good; and




the 1-σ error bars include estimates from the main
sources of error|RT noise, X-ray temperature uncer-
tainty, and uncertain line-of-sight depth.
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